Over the past 30 years, a significant increase in the prevalence of insulin resistance (IR) has been observed. It is associated with more frequent occurrence of impaired glucose tolerance, diabetes, excessive weight, cardiovascular diseases, and endocrine disorders. The results of current studies do not indicate a necessity to exclude dairy products from the diet of insulin-resistant individuals. In addition, it has been found that moderate amounts of alcohol as part of a balanced, low-energy diet do not have a negative effect on insulin sensitivity. The authors of recent studies emphasize the importance of reducing the intake of simple sugars, especially from sweet drinks, sweets and excessive fruit juice consuption. Many studies have demonstrated the beneficial effects of consuming complex, low-glycemic-index carbohydrates that are rich in dietary fiber. An insulin-resistant patient's diet should be rich in whole grains and high amounts of non-starchy vegetables and raw fruit. The beneficial effect of the Dietary Approaches to Stop Hypertension (DASH diet) and the Mediterranean diet has been confirmed. The positive correlation between low-carbohydrate and very-low-carbohydrate diets requires confirmation in long-term studies with the participation of insulinresistant patients. Research shows the benefits of increased calorific intake during the first half of the day, especially from a high-energy and low-glycemic-index breakfast. Furthermore, many researchers indicate that slow and mindful eating is a significant component of an appropriate diet for insulin-resistant individuals.
Insulin resistance (IR) is an important issue in modern medicine. Over the past 30 years, a significant increase in the detection of IR has been observed. 1 Insulin resistance is associated with lower insulin sensitivity of the body tissues. It may be due to abnormal functioning and signaling of insulin receptors, an excessively high level of insulin-binding antibodies or an abnormal insulin molecule structure. 2 This condition is associated with an increased incidence of hyperinsulinemia, impaired glucose tolerance and diabetes. 3 The frequency of IR depends on age, 4 body weight, 3 sex, 5 genetic predisposition, 6 physical activity, and lifestyle. 7 In addition, it has been shown that it can be associated with stress and overstimulation of the sympathetic nervous system. 8 The occurrence and development of IR are strongly correlated with inflammation. 9 The prevalence of IR is estimated at between 10-30%, depending on the study population. In a study involving 1,500 adolescents aged 13-18, IR (defined as a Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) >4) was diagnosed in approx. 10 .8% of girls and 14.3% of boys. The proportion increased to 29.1% and 44%, respectively, in the obese group, and decreased to 4.7% and 7.2%, respectively, in the normal body weight group. 10 In a study on Asian adults over 30 years of age, its incidence was estimated at 21.5% in women (HOMA-IR ≥ 1.64) and 25.1% in men (HOMA-IR ≥ 1.56). 11 In one European population (Estonian adults), the percentage of insulin-resistant individuals (HOMA-IR ≥ 1.92) amounted to approx. 12.4% in people without metabolic syndrome and 58.8% in people with it. 12 Insulin resistance is strongly related to overweight and obesity. 3 In addition, it correlates with a higher prevalence of dyslipidemia, cardiovascular disease 13 and endocrine disorders such as polycystic ovary syndrome (PCOS), hypercortisolemia and hyperprolactinemia. 2 Lifestyle, eating habits and physical activity are important factors that can sustain or increase the risk of IR. A well-adjusted, balanced diet and regular meal frequency may improve glucose/insulin homeostasis.
Alcohol consumption and insulin sensitivity
Even though a significant reduction or exclusion of alcohol is recommended to overweight and obese patients with metabolic complications, studies on IR have not shown any clear negative influence of alcohol consumption on the course of the disease. Some of them indicate that moderate consumption of ethanol has a positive impact on the parameters related to insulin homeostasis. In a study involving 1,542 Japanese men aged 46-58 years, it was observed that daily consumption of 30 g or more of ethanol was related to a 40% decrease in the risk of IR (defined as HOMA-IR ≥ 1.81 and fasting plasma insulin levels ≥50 pmol/L).
14 In another study with 249 patients with IR (HOMA-IR ≥ 2.5), the authors observed a negative correlation between alcohol consumption and HOMA-IR values in all alcohol-consumption groups, i.e., light (40-140 g/week), moderate (140-280 g/week) and heavy (>280 g/week). 15 However, the authors of meta-analysis of 14 studies found no significant impact of moderate alcohol consumption (i.e., below 40 mL/day) on IR. Some results suggest a possible positive influence of moderate consumption only in women. 16 A 20-year analysis of changes in insulin sensitivity among people aged 18-30 years, based on the quantitative insulin sensitivity check index (QUICKI) showed that alcohol consumption did not affect insulin sensitivity. However, smoking was significantly associated with its deterioration. 17 Some authors note that abstinence from alcohol may increase insulin sensitivity in particular organs. In a study involving 8 non-obese men with elevated fasting glucose levels who consumed approx. 32.1 g (±20 g) of alcohol per day, it was shown that refraining from alcohol for a week increased the insulin sensitivity of the liver. However, this was not related to muscle insulin sensitivity. It appears that reduced insulin sensitivity of the liver is associated with a higher percentage of visceral adipose tissue, correlating with metabolic disorders, aggravated inflammation and IR in patients with type 2 diabetes. These observations need confirmation in a larger study group. 18 
Milk, dairy products and IR
In conjunction with theories regarding insulin index or insulinotropic effect of consuming milk and dairy products, 19 the merits of their consumption in a group of patients with carbohydrate metabolism disorders and IR is often considered. In a study with 78 metabolically obese but normal weight (MONW) men and 154 nonobese metabolically healthy men, daily dairy consumption was associated with a 56% lower risk of MONW, which was defined by HOMA-IR ≥ 2.48. Furthermore, more frequent consumption of dairy products, i.e., over 1.4 portions/day compared to under 0.8 portions/day, was associated with lower HOMA-IR values. 20 Similar results were obtained in a randomized study involving 23 healthy subjects. It was observed that consumption of more than 4 portions of lowfat dairy products per day for 12 months was associated with a 9% decrease in fasting insulin level and an 11% decrease in HOMA-IR values, compared to people consuming fewer than 2 portions per day. 21 In another study evaluating milk intake alone in a group of 19 people, daily consumption of approx. 1.5 L of UHT or pasteurized milk for 21 days in a row did not influence HOMA-IR values. 22 However, not all research results confirm a neutral or positive effect of dairy consumption. In a study involving 47 patients with excessive body weight, following a high-dairy diet (4-6 portions of dairy products daily, e.g., 250 mL of milk, 200 g of yogurt, 40 g of hard cheese, 120 g of ricotta) for 4 weeks, it was associated with higher fasting insulin levels than after 4 weeks of a high-red meat, low-dairy diet (less than 1 portion of dairy products daily). Among women following a high-dairy diet, a decrease in insulin sensitivity assessed with HOMA-IR and the Matsuda insulin index (Matsuda-IS) was observed. 23 These studies do not indicate that it is necessary to exclude dairy products in order to increase insulin sensitivity. Assessments of the beneficial effect of dairy consumption on the occurrence and severity of IR require confirmation in studies with larger research groups.
The relationship between consumption of high-fiber products and occurrence of IR Fruit and vegetables are at the base of the food pyramid and are a source of essential vitamins and minerals. However, not all studies confirm that consuming them has a clearly positive effect on IR. It seems that the quality of carbohydrates and total daily dietary fiber intake play a more important role in terms of this disorder.
In a study involving 89 overweight patients at risk of cardiovascular disease, no changes in insulin response (measured with the metabolic clamp technique) were observed after a 12-week period of increased fruit and vegetable consumption. No significant differences were found for 2, 4 or 7 additional servings of fruit and vegetables per day. 24 Similarly, in a study involving 6,000 Indian citizens, no impact of grain legumes consumption on the level of insulin sensitivity was found. 25 Moreover, in a group of 8-to-10-year-olds, the number of portions of fruit and vegetables was not related to the values of IR indices such as HOMA-IR and Matsuda-IS. 26 However, in another study based on the Food Frequency Questionnaire (FFQ) and 3-day food records with 24-hour recall in 250 Koreans aged 20-81 years, it was observed that there is a negative correlation between green and yellow vegetable consumption and fasting insulin level as well as HOMA-IR values. 27 The proportion of the total weight of consumed vegetables and fruits (excluding juices) on the one hand and other consumed food on the other should be taken into account when planning a diet for a person with impaired glucose/insulin homeostasis. Cavallo et al. found that lower fruit and vegetable intake, compared with that of other foods consumed, were associated with lower fasting insulin levels. 28 A meta-analysis of 12 studies concerning the impact of fruit juice consumption (about 50-500 mL per day) on fasting glucose and insulin level and HOMA-IR values did not show any significant relation between this habit and fasting glucose and insulin levels. Only 3 studies confirmed a significant correlation between juice consumption and increased HOMA-IR values. However, this result could be related to high heterogeneity of the study group. A random effect model analysis did not confirm the significance of the correlation between juice consumption and increased HOMA-IR values. 29 Similar results were obtained by Simpson et al. 30 However, another study, involving children at the age of 12-17 years, found a relationship between more frequent consumption of fruit juices and higher HOMA-IR values among the female participants. 31 Silveira et al. observed a positive effect of consuming approx. 750 mL of antioxidant-rich blood orange juice in a group of insulin-resistant individuals (HOMA-IR > 2.71) with normal body mass index (BMI) values. 32 After 8 weeks of juice consumption, fasting insulin levels were reduced by 25% and HOMA-IR values were reduced by 28% as compared to the results from the beginning of the study. This correlation was not observed among the participants with excessive body weight. It seems that the positive effect could be the result of a decrease in inflammation associated with the consumption of the antioxidants contained in the juice.
Although the influence of fruit juice consumption on IR is unclear, it has been confirmed that whole fruit consumption may be associated with lower HOMA-IR values. 28 Dietary fiber from whole grains and vegetables is an important component of the diet of insulin-resistant individuals. Many studies showed a positive correlation between its consumption and the values of indicators used to assess this condition. In a study involving 1,494 middle-aged Finns, based on 4-day food intake records and biochemical parameters, it was estimated that the total intake of dietary fiber and wholegrain bread was associated with lower Matsuda-IS values, regardless of the physical activity level or waist circumference. High dietary fiber intake correlated with lower secretion of insulin. Among the female participants, it was observed that dietary fiber intake was related to the level of insulin secretion in the early phase of the oral glucose tolerance test and inversely correlated with HOMA-IR values. In addition, total fat intake below 30-35% of the energy from the diet (E) and a high intake of saturated fatty acids (SFA) were positively associated with HOMA-IR values and negatively with Matsuda-IS values. 33 Similarly, a study of 674 children found that the total daily dietary fiber intake and the consumption of whole grains such as bread and cereals were inversely correlated with fasting insulin levels. 34 A meta-analysis of 3 studies concerning the effect of complex carbohydrate consumption on insulin and glucose levels showed that eating breakfasts high in complex carbohydrates (12-21 g) was associated with better glucose and insulin responses, compared to meals with a very low content of complex carbohydrates (approx. 0.1-0.9 g), the same energy content (approx. 19-22% of E) and similar levels of other macroelements. 35 MacNeil et al. obtained similar results by assessing the effect of an increased supply of dietary fiber on glucose and insulin levels after breakfast in a group of 12 diabetic patients. 36 In this study, it was observed that replacing 20 g of simple carbohydrates with complex carbohydrates in a breakfast bagel (total carbohydrate content 50 g) significantly reduced glucose and insulin blood levels after the meal compared to the results after eating a product with the same total carbohydrate content but lower dietary fiber content (2 g).
Results from studies investigating the influence of complex carbohydrates suggest that they have a positive impact on insulin and glucose levels. However, this topic requires further studies involving larger numbers of subjects to determine the appropriate amount of carbohydrates in the meals of insulin-resistant individuals.
Sweetened drinks, sweet products and fast foods, and IR
Sweetened drinks, juices and sweets are a major source of excess simple sugars in the diet. Reducing the intake of these sugars is a particularly important element in the treatment of insulin-resistant patients. Simple sugars increase both postprandial glycemia and insulinemia.
In a study with the participation of over 2,000 people, a significant relationship was observed between HOMA-IR index values and the frequency of consumption of sweetened drinks (estimated using the FFQ). This effect was not found in the case of artificially sweetened beverages. In addition, it was assessed that people who consumed more than 3 portions of sweetened drinks per week showed a higher risk of pre-diabetes. 37 Similar observations were made by O'Connor et al. in a study of 9,700 respondents. 38 Based on an FFQ containing 130 products, a positive correlation was observed between the intake of simple sugars from drinks (juices, carbonated and non-carbonated soft drinks, sugar-sweetened beverages) as well as added sugars (sugars from 100% juices, table sugar, honey, and syrups) and the occurrence of IR. People in the 3 rd quartile of consumption of these products showed the highest HOMA-IR values.
In another study, it was estimated that higher intake of sweetened soft drinks, low-calorie soft drinks, onions, garlic, French fries, salty snacks, as well as bread and rolls made from refined flour correlated with higher HOMA-IR values. An inverse relationship was observed in relation to medium-and high-fiber cereal, jam, marmalade, honey, French dressing, vinaigrette sauce, and wholegrain bread. 39 Sweets and sweet snacks are a significant problem in children's diets. In a study involving 1,912 Greek children aged 9-13 years, it was observed that increased consumption of candies, lollipops, jellybeans, fruit in sugar syrup, and salty snacks was associated with a higher incidence of IR (HOMA-IR > 3.16). 40 However, in another study, involving 41 However, the study did not assess what percentage of daily energy intake came from chocolate consumption and whether or not this consumption leads to weight gain, which seems highly significant in the context of IR.
Diets used in IR
In many studies about insulin sensitivity, besides the assessment of the impact of particular components of diet on the glucose-insulin metabolism, the effectiveness of comprehensive dietary plans on the condition of insulinresistant patients has also been evaluated. Many researchers have found that diets with modified levels of particular FA, low-glycemic-index diets, the Dietary Approaches to Stop Hypertension (DASH diet), and the Mediterranean diet have positive effects.
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The relationship between IR and the Mediterranean diet, the DASH diet and a vegetarian diet An analysis of the data obtained from the patients of the Third National Health and Nutrition Examination Survey (NHANES III) showed that scores indicating the similarity of the respondents' diet to the Mediterranean diet were associated with lower BMI and waist circumference. Lower waist circumference correlated with lower glycated hemoglobin levels, fasting insulin levels and HOMA-IR index values. 42 Mattei et al. compared degree of similarity of patients' diets to well-known diets such as the Mediterranean diet (using Mediterranean diet score (MeDS)), the DASH diet and the American Heart Association (AHA) diet (using AHAdiet score), and assessed their quality using the Healthy Eating Index -2005 and the Alternative Healthy Eating index 2010. 43 It was found that the Mediterranean diet had the strongest association with lower insulin levels, lower HOMA-IR values and higher levels of insulin sensitivity. A high content of homemade vegetable soups, nonprocessed home-cooked meat, oatmeal, grain legumes, fish, whole milk, and beer in the diet had the strongest association with higher insulin sensitivity.
A 24-week study evaluated the impact of following a vegetarian diet and a diabetic diet on the level of insulin sensitivity in type 2 diabetics with IR. 44 In the vegetarian diet, 60% of E came from carbohydrates, 15% from protein and 25% from fats. Animal products were limited to 1 portion of low-fat yogurt per day. The diabetic diet provided 50% of E from carbohydrates, 20% from proteins and less than 30% from fats, where <7% of E came from SFA. The diet contained less than 200 mg of cholesterol per day. Both diets were isocaloric, with energy values reduced by 500 kcal per day in relation to the total metabolism. In both groups, the diets were supplemented with 50 μg per day of vitamin B12. From the 13 th week of the study, the nutritional strategies were combined with personalized exercises. After the end of the study, a significantly higher level of insulin sensitivity was assessed among the people following a vegetarian diet. In addition, a greater decrease in visceral and subcutaneous fat, a significant decrease in inflammation and decreased leptin levels were observed in this group.
Women with IR often have coexisting polycystic ovary syndrome (PCOS). In a study involving 60 such patients, it was estimated that 2 weeks on a reduced-calorie DASH diet (about 350-700 kcal below the total daily energy expenditure), providing 16-18% of energy from proteins, 30% from fats and 52-55% from carbohydrates, contributed to a higher reduction in fasting insulin levels, a higher reduction in HOMA-IR index values and a higher increase in insulin sensitivity levels compared to diets with a similar distribution of macroelements but obtained from other food sources. In addition, following the DASH diet was associated with an improvement in sex hormone levels. 45 Similar results were obtained by Asemi et al. 46 In a group of 48 women with PCOS, following the DASH diet was associated with a significant reduction in insulin levels and HOMA-IR index values compared to a diet with the same distribution of macroelements, but obtained from other food sources. For 8 weeks, the subjects in both the study group and the control group followed diets which provided 18% of E from protein, 52% from carbohydrates and 30% from fats. The nutrition plans differed only in the number of portions of individual food products. The study group (the DASH diet) consumed less than 2,400 mg of sodium per day. Their diet was rich in vegetables, fruits, whole grains, and low-fat dairy products.
Low-carbohydrate diets and IR
Apart from modification of the quality and quantity of carbohydrates in the diets of insulin-resistant individuals, many researchers also assess the impact of the quantity and quality of dietary fats on glucose and insulin metabolism.
In a study involving 513 Japanese aged 35-70 years, based on data from FFQs containing 46 products and an assessment of dietary habits, it was found that diets similar to Western diets (i.e., with high content of fat and meat as well as a lot of fried meals) were significantly associated with high and abnormal HOMA-IR index values. 47 In an 8-week study looking at PCOS women with excessive body mass, it was noted that adhering to a low-starch diet with very low dairy consumption was associated with a significant improvement in fasting insulin levels (52%), insulin levels 2 h after an oral glucose tolerance test (37%) and HOMA-IR index values (51%, i.e., 3.9 ±1.5 vs 1.9 ±0.9) compared to the results from before the dietary intervention. The diet includes low-starch vegetables, low-sugar fruits, lean meat, fish, sea foods, eggs, avocados, olives, nuts, seeds, olive oil, and coconut oil. In addition, approx. 30 g of hard cheese and 180 mL of red wine per day were permitted; the patients consumed unlimited amounts of the other permitted ingredients. Compliance with the diet was checked 3 times during the study using a 3-day food intake record. The average nutrient content in the diet was approx. 1,422 ±199 kcal, 72.1 ±16.5 g fat, including 31.9 ±9.1 g monounsaturated FA, 15.8 ±6.8 g polyunsaturated FA, 19.5 ±7.8 g SFA, 94.3 ±22.8 g carbohydrates, and 98 ±25.1 g protein. 48 However, in another study involving healthy people aged 40-75 years with BMI values of 25-35 kg/m 2 , it was observed that even 1 day on a diet that provides 80% of E from fats, 15% from carbohydrates and 5% from protein, where 63% of fats come from SFA (42% palmitic acid), 29% from monounsaturated FA (oleic acid from canola oil) and 4% from polyunsaturated FA, contributed to an increase in whole-body IR in people with normal and impaired glucose tolerance. A decrease in insulin sensitivity was also observed after a single breakfast rich in SFA. 49 Similar results were reported by Clayton et al., 50 who assessed the relationship between breakfast composition and changes in insulin sensitivity over a period of 12 weeks. The subjects, who were divided into 2 groups, consumed isocaloric breakfasts consisting of 2 eggs and extras (43% carbohydrates, 25% protein, 32% fats) or a bagel (68% carbohydrates, 17% protein, 15% fats). Up to week 6, significantly higher insulin sensitivity was observed in the group consuming eggs. However, these values returned to the original state in week 12, when no significant differences were found in fasting insulin and fasting glucose levels between the study groups. The results of the study do not confirm the positive effect of a protein-fat breakfast.
Fat intake may affect epigenetic changes in adipose tissue. It has been observed that adding to the diet 750 kcal from palm oil or refined sunflower oil per day over a period of 7 weeks induces genetic changes in adipose tissue (for example Mc2R gene). Excessive intake of PUFA from sunflower oli was associated with changes in FTO gene expression and insulin receptor gene expression that are connected with IR. 51 A meta-analysis of 19 studies showed that replacing 5% of the energy derived from carbohydrates with SFA or polyunsaturated FA was associated with reductions in fasting insulin levels, by 1.1 pmol/L and 1.6 pmol/L, respectively. Replacing the energy with monounsaturated FA did not show such an effect. However, introducing monounsaturated FA instead of SFA or carbohydrates was associated with lower insulin levels 2 h after an oral glucose tolerance test. In addition, replacing 5% of the energy derived from carbohydrates or SFA with energy from polyunsaturated FA resulted in a reduction of HOMA-IR index values by 3.4% and 4.1%, respectively.
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Diets modifying the quantity and quality of carbohydrates and IR
Many researchers calculate the appropriate amount of carbohydrates for people with IR on the basis of glycemic indices and loads. [53] [54] [55] The majority emphasize the importance of the qualitative composition of carbohydrates in products.
A 12-week study examined 20 people with the same level of physical activity (5 times a week, approx. 1 h, up to 85% of maximum heart rate) who followed high-or lowglycemic-index diets. No significant differences in insulin sensitivity levels (measured with oral glucose tolerance tests and muscle biopsies) were found between the study groups. 53 Another study assessed that following a diet with a low glycemic index and low glycemic load (approx. 34 and <125, respectively) had a beneficial effect on fasting glucose levels and was associated with a 4% decrease in insulin-like growth factor-1 (IGF-1) levels, compared to a diet with a glycemic index of approx. 78 and a glycemic load >250. In addition, it was noted that the consumption of a lowglycemic-index breakfast significantly correlated with a better insulin response compared to a high-glycemicindex meal both among people with normal body weight and those with excessive body weight. 54 
Daily meal frequency, eating habits and IR
In addition to the quantity and quality of nutrients, many researchers indicate that daily meal frequency and eating habits are important factors in planning a diet for people with IR.
In a study involving 6 healthy people, Morgan et al. showed that the consumption of 60% of E at breakfast, 20% at lunch and 20% at dinner was significantly associated with better insulin sensitivity compared to the consumption of approx. 20% of E at breakfast, 20% at lunch and 60% at dinner. In addition, they observed higher insulin sensitivity levels in a group following a low-glycemic-index diet (average glycemic index: 34) compared to a group following high-glycemic-index diet (average glycemic index: 84). Meal frequency, their calorific value and glycemic index all influenced the values of indicators used to diagnose IR. Based on the results of the study it can be suggested that people trying to regulate both glycemia and insulinemia should avoid eating abundant dinners with a high glycemic index. 55 In a study on the impact of meal frequency on the overall insulin sensitivity in a group of 54 patients with type 2 diabetes, it was found that consuming 2 meals a day, i.e., breakfast between 6 am and 10 am and lunch between 12 am and 4 pm, over a period of 12 weeks was associated with higher insulin sensitivity, measured with the oral glucose insulin sensitivity (OGIS) index, compared to the consumption of 6 smaller meals. Both study groups followed the same diet, with energy content reduced by 500 kcal, in which 55% of E came from carbohydrates, 20-25% from protein and <30% from fats (<7% from SFA). In addition, the diet contained less than 200 mg of cholesterol and approx. 30-40 g of dietary fiber. 56 Similar results were obtained in a study involving 36 people with excessive body weight. It was observed that increased calorie intake in the first half of the day, i.e., 70% of E coming from the first 3 meals (breakfast, a morning snack and lunch), was associated with lower HOMA-IR index values, greater weight loss, and greater reduction of waist circumference and body fat percentage compared to a diet providing 55% of E in the first half of the day. Regardless of daily meal frequency, the subjects of both groups followed an isocaloric Mediterranean diet with energy content reduced by 600 kcal for a period of 3 months. The diet provided 55-59% of E from carbohydrates, 25-30% from fat and approx. 15-16% from proteins. The subjects who obtained better results consumed approx. 25% of E at breakfast, 10% in a morning snack, 35% at lunch, 10% in an afternoon snack, and 20% at dinner, while the other group consumed 15% of E at breakfast, 5% in a morning snack, 35% at lunch, 15% in an afternoon snack, and 30% at supper. 57 Similar results were obtained in a study involving 60 thin PCOS women who followed an isocaloric diet (1,800 kcal, approx. 124 g carbohydrates, 191 g protein and 62 g fat) with different calorie distribution throughout the day for 3 months. It was found that the consumption of 980 kcal for breakfast, 640 kcal for lunch and 190 kcal for dinner was associated with an 8% reduction in fasting glucose levels and a 53% reduction in fasting insulin levels compared to the results of subjects who consumed 190 kcal for breakfast, 640 kcal for lunch and 980 kcal for dinner. In addition, it was noted that the diet with the high-calorie breakfast was associated with a 20% decrease in the area under the glucose curve and a 49% decrease in the area under the insulin curve after oral glucose tolerance tests. What is more, the diet with the high-calorie breakfast was associated with 56% lower HOMA-IR values and 35% lower HOMA of β-cell function (HOMA-B) values. It was also associated with the regulation of sex hormone levels and increased rates of ovulation. 58 A study involving 956 people investigated how daily meal frequency, the manner of eating and the socio-cultural context were related to the occurrence of IR. With the use of the Mealtime Habits Quality (MHQ) scale, the authors assessed 4 eating habits: the amount of time available for a meal, distractions while eating, the place and company during the meal, as well as independence in choosing the portion and composition of the meal. The individuals with higher scores on the MHQ scale were those who ate without rush, had enough time for a meal, ate without distractions (reading, working, watching TV), chose the quantity and quality of products themselves, and ate most meals at home, often with their families. Over a period of 8 years, it was observed that the incidence of IR (HOMA-IR > 3.2) was lower in this group compared to people with low MHQ scores (1.2% vs 12.5%). People with low MHQ scores had an approx. 12 times higher risk of IR, while those with an average score had about 5 times higher risk of IR compared to the group with high MHQ scores. 59 Studies concerning meal frequency during the day and their calorific value have provided interesting observations in small research groups. Confirmation in larger randomized trials is needed in order to use the findings as a basis for formulating a diet for insulin-resistant people.
Summary
Based on the available literature regarding the relationship between diet and IR it seems that reduction of body mass resulting from following a diet with calorific value reduced by approx. 500-600 kcal in relation to total daily energy expenditure should be the basic dietary recommendation for people with impaired glucose/insulin homeostasis.
Observations from recent studies do not indicate a necessity to exclude dairy products from the diet of insulinresistant people. It has been suggested that the consumption of calcium-rich foods, such as dairy and milk products, may have beneficial effects on insulin sensitivity.
The quantity and quality of carbohydrates is a key element in the diet of people with IR. Various authors indicate the merits of reducing the intake of simple sugars, especially those derived from sweet drinks, sweets and excessive fruit juices (more than 2 cups of juice as a equivalent of 2 fruit portions -according to USDA). Many of them have demonstrated the beneficial effect of eating slowly digested complex carbohydrates rich in dietary fiber. The diet of people with IR should be rich in whole grains and significant amounts of non-starchy vegetables and fruit. Insulin-resistant patients should consume carbohydrate products with a low glycemic index to improve insulin sensitivity.
Studies involving insulin-resistant people confirm the beneficial effects of the DASH diet and Mediterranean diet. In contrast, the benefits of low-and very-low-carbohydrate diets require confirmation in long-term studies with large study groups. However, it seems that less restrictive limitation of carbohydrates (up to approx. 40%) through the reduction of simple sugars and starch intake may have a beneficial effect on insulin homeostasis.
Studies evaluating the relationship between diet and IR provide interesting observations and possible dietary recommendations. However, due to study limitations, their utility for insulin-resistant patients requires confirmation in studies with larger cohorts.
Studies of the influence of the quality of consumed fats on IR showed that a high intake of SFA has a negative impact on IR. However, it has been observed that increased consumption of monounsaturated FA and polyunsaturated FA (mainly omega-3) has a positive effect on the parameters associated with IR.
In addition, it has been noted that moderate amounts of alcohol as part of a balanced low-calorie diet did not have a negative impact on insulin-resistant people. Similar observations have been made with regard to chocolate. It seems that moderate amounts of these products can be a positive element that increases patients' compliance with nutritional recommendations.
The effectiveness of dietary recommendations among people with IR may depend not only on the quality of the products, but also on daily meal frequency and meal energy content. It has been suggested that increased calorie intake in the first half of the day, with particular emphasis on an abundant, low-glycemic-index breakfast containing complex carbohydrates, contributes to reductions in IR. In addition, many researchers recommend slow and mindful eating as part of a healthy diet for insulinresistant people.
